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Abstract  
Myokines; a group of cytokines mainly small proteins are released by myocytes during 
muscular contraction and proved to have many biological effects locally or at systemic 
levels. The main objective was to study the morphological alterations and myokines 
expression in rat gastrocnemius muscle following forced compared to voluntary muscle 
contraction. Thirty-six adult male Wistar rats were divided into 3 groups: control, 
voluntary exercise and forced swimming regimen. The experiment last for 3 weeks. 
The weight of rats and serum corticosterone levels were recorded. The gastrocnemius 
muscle samples were processed for histological and immunohistochemical study of 
different myokines. The mean weight of rats showed no statistical difference between 
groups. Corticosterone level significantly increased after forced exercise. Voluntary 
exercise muscle fibers appeared hypertrophied with prominent transverse banding and 
dominating satellite cells. Forced exercise muscle showed atrophied widely spaced 
muscle fibers and inflammatory cell infiltrate. Voluntary exercise significantly 
increased optic density of interleukin 6, macrophage inhibitory and brain derived 
neurotrophic factors, whereas the forced exercise group showed significant decrease in 
their optic densities. The optic density of vascular endothelial growth factor 
significantly decreased in the forced exercise group. Forced exercise could be harmful 
to the skeletal muscle fibers and it decreases the secretion of important myokines. 
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Further, forced exercise significantly increases the serum corticosterone level. The use 
of exercise for the attainment of healthy life style or in psycho or neuro therapy should 
follow a thoroughly studied program for welfare of human health.  
Key words: forced exercise, voluntary exercise, skeletal muscle, myokines, 
corticosterone  
 
 
INTRODUCTION 
The emerging knowledge that skeletal muscles have a secretory function has 
opened an immense and exciting field in the study of muscles. The contracting muscle 
motivates production and secretion of many cytokines that are called myokines. 
Though some of these myokines were described as pro-inflammatory cytokines [1,2], 
myokines  are lately branded as potential applicants for treating metabolic and chronic 
diseases associated with a sedentary life-style [2].  
Interleukin 6 (IL-6) is the first cytokine to be identified in the blood stream 
during muscle contractions. It is produced and released from the skeletal muscles in 
significant levels after prolonged exercise and produced pleiotropic functions in 
different tissues of the body [3]. However, contradictory harmful effects of IL‐6 as 
promotion of atrophy and muscle wasting have been proposed [4]. 
Vascular endothelial growth factor (VEGF) is considered as the utmost 
important pro-angiogenic cytokine in most tissues including skeletal muscle [5]. It 
enhances neovascularization, and thus improves tissue oxygenation [2].  
The macrophage migration inhibitory factor (MIF) is considered as an 
inflammatory mediator associated with metabolic diseases and can signal molecular 
links between adipocytes and myocytes. It has been proposed to have a role in myoblast 
differentiation but this role is still indistinct [6].  
Brain-derived neurotrophic factor (BDNF) is now a well-known neurotrophine 
that regulates various neuronal processes [7]. It is recently suggested to play a vital role 
in metabolic regulation of skeletal muscle and in controlling energy homeostasis [8].  
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The improving effects of voluntary exercise on physical health have been 
proved [9], but contradictory results are raised about the ideal intensity, duration, and 
type of exercise required to get the favorable effects and avoid the bad effects of the 
high intensity exercise on systemic inflammation [2,10]. This study investigated 
whether the type of physical exercise, voluntary or forced, would induce different 
morphological changes in the structure of the skeletal muscles, in their myokines 
immuno-expression and in the serum corticosterone level, aiming to define the right 
way for the use of exercise as a therapeutic measure in different diseases.  
 
MATERIAL AND METHODS 
Experimental animals 
Thirty-six adults male Wistar albino rats weighing 180-230 g were used in this 
study. The animals were kept under constant environmental and nutritional conditions 
throughout the study in metal cages (4 rats in each cage) in the behaviour lab (College 
of Medicine- Taibah University), exposed to a light/dark cycle at 14:10 hour photo 
cycle at 22-24°C with a free access to food and water and were observed for normal 
movement for 7 days. The animals were cared for in accordance with the National 
Institutes of Health guide for the care and use of Laboratory animals (NIH Publications 
No. 8023) and the protocol was approved by the Faculty Experimental Ethics 
Committee. 
The rats were randomly divided into 3 groups (12 rats each): 1. Control group: 
were kept on a standard chow diet for 3 weeks. 2. Voluntary exercise group: were 
allowed to voluntary running (voluntary wheel running) for 3 weeks. 3. Forced exercise 
group: were kept on a forced swimming regimen for 3 weeks.  
 
Voluntary exercise (running) regimen 
The rats were housed individually in cages equipped with rat running wheels (Lafayette 
Instrument Company, Inc. 3700 Sagamore Parkway North Lafayette, IN 47904 USA), 
and allowed to voluntary running for 3 weeks. The running wheels were tested every 
other day to confirm their proper function and the mean running distances were 
recorded for each rat [11]. 
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Forced exercise (swimming) regimen 
The rats were individually forced to swim inside vertical glass cylinders (60 cm 
in diameter, 80 cm in depth) with no possibility of escape. The water depth was 50 cm 
maintained at a 25-28 °C. Swimming was conducted 15 min daily for 21 days. After 
each session of swimming, the rats were removed, allowed to dry and returned to their 
cages [12,13]. The distances-swum by each rat were recorded automatically via a 
computer software (Ethovision XT version 8.0, Noldus Information Technology, 
Nieuwe Kanaal, 5 Wageningen, The Netherlands). 
 
Recording the weight and the corticosterone levels 
The weight of each rat was recorded at the beginning of the experiment and 
before sacrifice. 
On sacrifice (at 8 am), blood samples were collected from the thoracic cavity to 
quantify the serum corticosterone level. The sera was separated and stored at -80ºC till 
the corticosterone levels were assessed by using ELISA kits (ALPCO Diagnostics, 
Orangeburg, NY, USA)  according to the manufacturers’ instructions [14].  
 
Muscle sample collection and histological preparation 
Twenty-four hours after the last day of the experiment, the animals were 
sacrificed by cervical dislocation [12], the hind limbs were dissected and the main 
bulks of the gastrocnemius muscles were removed. Longitudinal section (LS) and 
transverse sections (TS) samples were prepared from the muscles for paraffin sections, 
and stained with haematoxylin and eosin (H&E) for light microscopic structural study 
via Bright field Automated microscope (Olympus BX 36).  
 Serial paraffin sections (4 m) were stained using primary polyclonal anti-rat 
antibodies against the chosen muscle myokines (Uscn Life Science Business Co., Ltd.; 
polyclonal Rat IL-6 PAA079Ra71, Rat VEGF PAA143Ra71, Rat MIF PAA698Ra01, 
Rat BDNF PAA011Ra01) and for Proliferating Cell Nuclear Antigen (Ab-1 clone PC 
10 mouse monoclonal antibody) to evaluate the proliferating muscle satellite cells [15]. 
The immunoperoxidase technique with a Bench-Mark instrument (Ventana Company) 
was used for immunostaining [16].  
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 A light microscopic examination of the immuno-expression was performed and the 
immunohistochemical staining of myokines was evaluated by measuring the optical 
densities (ODs) of the stained sections. Briefly, five non-overlapping representative 
fields were captured at a magnification of ×200 with a microscopic field area of 
786.432_m2. The ImageJ (NIH) software, version 2.0.0-beta4 (National Institutes of 
Health, Bethesda, MD, USA) was used for evaluation of the OD of immuno-staine 
regarding Verghese et al. as follows: deconvolution of the image using DAB vector 
into three different coloured images, calibration of the brown DAB image by measuring 
the mean integrated intensities (mean grey value) of five non-overlapping zones of the 
stained tissue and then the intensity numbers were transformed into the OD using the 
following equation: [OD=log (max intensity/mean intensity)], where the max 
intensity=250, and the mean intensity=mean grey value [17]. The PCNA stained cells 
(proliferating cells) were counted in five non overlapping fields (x400) of the stained 
sections of the different groups for statistical analysis. 
 
Statistical analysis 
Statistical analysis was performed using SPSS V.23 (IBM Corporation, Somers, 
NY, USA). Values are presented as means ± standard error of mean (S.E.M). Statistical 
evaluation was done using one-way analysis of variance (ANOVA) followed by 
Bonferroni pairwise comparisons and the level of significance was determined to be 
less than 0.05 throughout the study. Pearson’s test was used for determining the 
correlation of distances and the P and r values were recorded. 
 
RESULTS 
The weight and corticosterone level 
The mean weight of the rats before and after the experiment showed no 
significant difference between the groups (Table 1).  
The corticosterone level showed no significant difference between the control 
and running groups (P = 0.937). Whereas, a highly significant increase in the levels of 
corticosterone were found between the control and swimming and between running and 
swimming groups (P ˂ 0.001) (Fig. 1). 
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The mean distance run or swum by the rats 
The mean distance run by the voluntary running rats was 7253.92 ±935.38 
m/day while the mean distance swum by the forced exercise group was 
72.67±9.38m/day (Fig. 2). Except for the detected significant correlation between the 
mean distance run and the OD value of VEGF (r= 0.867, P<0.001), no significant 
correlation was detected between the means of distance run or distance swum and any 
of the OD values of all analyzed myokines. 
 
Histopathological and immunohistochemical analysis 
The control gastrocnemius muscle sections revealed a well-organized bundles 
of muscle fibers separated by scanty perimysial connective tissue contained thin walled 
muscular blood vessels. The myofibers showed a well-defined myofibril with 
peripheral dark stained nuclei, and few lightly stained satellite cells. (Fig. 3 a, b, c). 
Sections of voluntary running rats showed bundles of hypertrophied muscle 
fibers with wide perimysial spaces containing fine collagen fibers. Nearly all the 
myofibers exhibited slight shearing with prominent transverse unstained banding of Z 
Lines striation. The lightly stained satellite cells were dominating and can be identified 
from the dark stained myofiber nuclei. Slightly increased perivascular connective tissue 
and some venous congestion were observed (Fig. 3 d, e, f). 
Sections of forced exercise rats showed a sporadic widely spaced bundles of 
muscle fibers with marked perimysial fibrosis. The individual fibers appeared 
atrophied, less in size and widely spaced compared to other groups, whether few fibers 
appeared hypertrophied. Most fibers lost the normal myofibril appearance and 
possessed homogenous acidophilic cytoplasm. The muscular blood vessels appeared 
with thick walls, marked perivascular fibrosis and inflammatory cell infiltrate. There 
were focal areas of necrosis with cellular infiltration and loss of the normal myofiber 
striations. The pale satellite cell nuclei are hardly seen (Fig. 3 g, h, i).  
IL-6 immuno-stain expression showed marked increase and diffuse distribution 
in most muscle fibers of the voluntary running group. A marked decrease or absence of 
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the stain was observed in the forced exercise muscle fibers (as compared to control 
group) (Fig. 4 a ,b, c). 
VEGF immuno-stain expression showed irregular distribution of the stain in the 
voluntary running group, that appeared to be increased in some fibers and markedly 
decreased in others. Whether, the stain was markedly decreased in nearly most fibers of 
the forced swimming group (as compared to control group) (Fig. 4 d, e, f).  
The MIF immuno-stain expression, though was difficult to identify, but it 
appeared to be increased in many fibers of the voluntary running group, but markedly 
decreased in the forced swimming group (Fig. 4 g, h, i). 
BDNF immuno-stain expression was clearly identified with marked increase in 
nearly all muscle fibers and in satellite cells of voluntary running group, and marked 
decrease in the forced swimming group (Fig. 4 j, k, l). 
Voluntary exercise group showed significant increase of mean OD values of L-
6, MIF, and BDNF, whereas the forced exercise group showed significant decrease in 
their values compared to the control group. On the other hand, the OD of VEGF 
showed a non-significant decrease in the voluntary running group and a significant 
decrease in the forced exercise group as compared to the control one (Table. 2). 
The mean number of PCNA stained satellite cells were significantly higher in 
voluntary exercise group (5.5±1.31), and significantly lower in the forced exercise 
group (0.83±0.72) as compared to that of the control group (1.83±0.72) (Fig. 5,6). 
 
DISCUSSION 
The non-significantly changed mean weight of the animals in both types of 
exercise was consistent with results of Arnold and Salvatore [18].  
The non-significant change of corticosterone levels in the voluntary running 
group could affirm the non-occurrence of stress after voluntary exercise regimen, 
whereas its significant increase after forced swimming regimen can support the 
occurrence of stress and/depression after forced swim exercise [13,19]. This could be 
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due to the gradual acclimatization to exercise in voluntary running that minimize the 
acute psychological and physiological stress to which the rats are exposed in acute 
exposure to excercise [20]. 
Inconsistent reports exist on the responses of skeletal muscle to different modes 
of exercise [21]. In this study, we hypothesized that skeletal muscle would react to 
voluntary exercise as a physiological stimulus increasing the function by hypertrophy, 
but the forced exercise would be a harmful pathological stimulus. Voluntary wheel 
running caused hypertrophy of muscle fibers with prominent transverse banding and 
increased number of activated satellite cells which can denote that voluntary running 
can represent an appropriate regimen for satellite cells activation, proliferation, and/or 
differentiation with the resultant increased muscle mass [21].  
After the forced swimming regimen, there were atrophy of muscle fibers with 
focal areas of necrosis, cellular infiltration and decreased number of activated satellite 
cells. In accordance with the present results, forced exercise adopted by treadmill, 
caused an immediate localized degenerative effect and late macrophage infiltration and 
necrosis of the deep slow antigravity muscle fibers [22]. Interestingly, they proved that 
changing the load laid on the muscle using the same type of exercise can evoke 
different degenerative muscle effects [22] 
That practicing exercise can activate systemic intercellular and inter-organ 
communication via secreting the cytokines or myokines has raised the importance of 
studying these factors as therapeutic targets [23]. The significant increase and diffuse 
distribution of IL-6 immunostaining in the muscle fibers after voluntary running can 
denote its local production by different types of skeletal muscle fibers and can prove its 
positive role in the physiology of hypertrophic muscle growth [4]. It is important to 
consider that the local production of IL-6 in voluntary running muscle fibers might be 
transient and of short-term action, but it imposes important autocrine benefits either as 
an anti- inflammatory factor or as a  regulator of glucose uptake and energy metabolism 
[3,13]. This action is different from the action of the long-lasting increased serum IL-6 
levels that are associated with inflammatory conditions and accompanied with 
increased muscle wasting and atrophy [4]. 
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The significantly decreased and irregularly distributed immunostained IL-6 in 
the forced exercise fibers can display the absence of a local beneficial or harmful effect 
of IL-6 after the forced exercise regimen. This can be attributed to the rise of 
endogenous glucocorticoid production due to stress of the forced exercise which can 
also give explanation for the atrophy detected in groups of muscle fibers [24]. 
It has been increasingly clear that, in response to exercise, a skeletal muscle 
sometimes secretes a profuse amounts of angiogenic factors, including VEGF that may 
function primarily as paracrine factors, but a controversial debate exists over the ideal 
amount of exercise needed for their beneficial effects [25]. The non-increase of VEGF 
immunostain after voluntary running observed in this study could be due to non-regular 
expression in all muscle fibers, as VEGF is expressed only in the predominantly 
glycolytic fibers. Also, there might be the hypoxia level needed for the generation and 
regulation of VEGF is not reached during the voluntary running regimen [26,27]. 
However, the lone significant correlation of the OD of VEGF expression with the mean 
distance run can prove the increased VEGF expression in the skeletal muscles in 
voluntary exercise but not in forced exercise.  
The significant decrease of VEGF after the forced swimming exercise could be 
due to the inhibitory effect of stress of the forced regimen and the accompanying raised 
serum corticosterone level causing inhibition of endogenous VEGF production [24].  
This coincided with the observed necrosis in some areas of the skeletal muscles due to 
the decreased basal skeletal muscle capillarization with the resultant muscle cell 
apoptosis, and inhibition of angiogenesis during this type of exercise [28]. 
The study showed significant increase of the immunostain and OD values of 
both MIF and BDNF in the muscle fibers of the voluntary running rats.  This is in 
accord with the recently proved elevated  serum levels of both myokines by voluntary 
wheel running [13]. The concomitant relation of both myokines could lie in their 
suggested effects on the myogenic cells as both are expressed in the myoblasts and are 
modified during myoblast differentiation [6].  
The decreased immuno-expression of both MIF and BDNF in the muscle fibers 
after forced exercise might be due to the psychological stress as denoted by the 
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increased serum corticosterone level after the swimming regimen. Their decreased 
levels are consistent with the decreased serum levels of both myokines in forced swim-
induced depression [13,29] 
 
CONCLUSIONS 
The voluntary and forced exercises have different effects on the structure and 
myokines expression in skeletal muscle tissue and also on the serum corticosterone 
level. Forced exercise could be harmful to the muscle fibers and it decreases the its 
myokines production , whereas voluntary running can increase the muscle mass and 
progenitor satellite  cells. The use of exercise for the attainment of healthy life style or 
in psycho or neuro therapy should follow a thoroughly studied program for welfare of 
human health 
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Figure 1. The mean serum corticosterone levels in different groups. 
 
 
Figure 2. The mean distance run by the voluntary exercised rats (a), and the mean 
distance swum by the forced exercised rats (b). 
 
 
 
Figure 3. Digital photomicrographs of sections in the gastrocnemius muscle, (H&E 
stain), a, d, g x100 and b, c, e, f, h and i x400: 1. Control group (a, b, c) show well 
organized bundles of muscle fibers (stars) separated by scanty perimysial connective 
tissue. The myofibers show well defined myofibrils (curved arrows), peripheral dark 
stained nuclei (thin black arrows) and few lightly stained satellite cells (dotted arrows). 
A muscular arteriole (A) appear with normal wall thickness. The perimysium around 
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the bundles contains thin walled blood vessels and scanty fibrous tissue (thick black 
arrows). 2. Voluntary running group (d, e, f) show bundles of hypertrophied muscle 
fibers (compared to those of control) (stars) separated by wide perimysial spaces 
containing fine collagen fibers (thin arrows). Nearly all the myofibers show slight 
shearing with noticeable myofibrils (thick arrow) and prominent transverse unstained 
banding of Z Lines striation (white arrows). The lightly stained satellite cells are 
dominating (dotted arrows) and can be identified from darkly stained myofiber nuclei 
(curved arrow). Apparent slight increase in perivascular connective tissue (short thick 
arrows) and slight venous congestion (V) are observed. 3. Swimming group (g, h, i) 
show widely spaced bundles of muscle fibers (stars) with marked perimysium fibrosis 
(thin black arrows). Individual fibers looked spaced and small in size compared to other 
groups. Groups of muscle fibers appear atrophied with apparent small diameter (Thick 
arrow), but few appeared hypertrophied (short thick arrows). Most fibers lost the 
normal myofibril appearance and possessed homogenous acidophilic cytoplasm. 
Muscular blood vessels appear with thick walls, marked perivascular fibrosis and 
inflammatory cell infiltrate (double arrows). Focal areas of necrosis, loss of normal 
myofiber striations and cellular infiltration are apparent (white arrows). (a, d, g x 100 & 
b, c, e, f, h, I x 400) 
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Figure 4. Digital photomicrographs of gastrocnemius muscle immunostained sections 
of different myokines in all groups show: 1. marked increase and diffuse expression of 
IL-6 immunostaining in the voluntary running group muscle fibers, and marked 
decrease and irregularly distributed expression in the forced exercise fibers (as 
compared to control sections) (a, b, c).  2. Irregular expression of VEGF stain in the 
voluntary running group appears to be increased in some fibers and markedly decreased 
in others) as compared to control). The expression appears markedly decreased in 
nearly most fibers of the forced swimming group (d, e, f).  3. The MIF exhibit some 
increase in many fibers of the voluntary running group and marked decrease in the 
forced swimming group (g, h, i).  4. BDNF immune expression show marked increase 
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in most muscle fibers and in satellite cells of the voluntary running group and marked 
decrease or absent in the fibers of the forced swimming group (j, k, l). 
 
 
 
 
Figure 5. PCNA stained skeletal muscle satellite cells in control (a), voluntary exercise 
(b) and forced exercise (c) groups. 
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Figure 6. Error bar showing the number and significance of PCNA stained cells in 
different groups. 
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Table 1. Mean weight of the rats before and after the experiment (n=12)* 
Group 
 
Weight (gm) 
Control Voluntary 
exercise 
(running) 
Forced 
exercise 
(swimming) 
ANOVA 
F value P value** 
Weight 
Before 
229.17  
± 3.22 
235.42 
± 0.82 
230.83 
± 1.90 
2.144 0.13 
Weight After 273.67 
± 7.18 
272.75 
± 1.60 
272.08 
± 4.38 
0.26 0.97 
*Values are presented as means ± S.E.M. 
**No significant difference between different groups  
 
 
 
Table 2. Mean optical density of the 4 myokines in all groups of rats (n=12)* 
Group 
 
Myokine 
Control Voluntary 
exercise 
(running) 
Forced 
exercise 
(swimming) 
ANOVA 
F value P value 
IL-6 0.1095 
± 0.006 
0.1643 
± 0.013 
0.251 
± 0.004 
70.652 P1 ˂ 0.001 
P2 ˂ 0.001 
P3 ˂ 0.001 
VEGF 0.1849 
± 0.007 
0.1672 
± 0.006 
0.0778 
± 0.006 
73.844 P1 = 0.212 
P2 ˂ 0.001 
P3 ˂ 0.001 
MIF 0.0189 
± 0.003 
0.0374 
± 0.006 
0.0002 
± 0.002 
22.469 P1 = 0.006 
P2 = 0.006 
P3 ˂ 0.001 
BDNF 0.0699 
± 0.007 
0.1870 
± 0.025 
0.0060 
± 0.026 
37.677 P1 ˂ 0.001 
P2 = 0.014 
P3 ˂ 0.001 
*Values are presented as means ± S.E.M. 
P1= the significance between control and voluntary exercise groups. 
P2= the significance between control and Forced exercise groups. 
P3= the significance between voluntary exercise and Forced exercise groups. 
 
